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C11A Wireless rtumber Ponability Solutions

1. INTRODUcnON

1.1 hrpele ud Scope

The puIP)Ie ofthis docaIIIeat is to cIIarIcterize the aecwork lI'dIitecture and operational
procedures necessary for the support ofNumber Portability (NP) in die wireless industry per
Federal Communic:arions Commission (FCC) orderN1IIIIbw PortDbUity Rqort QIft/ Onkr. C(
JJot:at 9'·116. This document,.esents COIIIIIISVS qnenaents IIDOftI members ofthe
Cellular Telecommunicalioas IndusIry AssociIdioIl (rnA). This cIocumcnt is applicable to
auIoI Advmced Mobile Phone S,.eem (AMPS). T..... Division Multiple Access (TOMA).
Code Division Multiple Access (COMA). and Global S,-m for Mobile Communications
(GSM) providers (incJucfi.1 diPal Specialized MoWle llIdio (SMR) providers), alike.
DifferenCes ....ong W'aeIess SeMce PnMden (wsp) teebnoIoIies ad implementation
s......_ ate noted where apprupa iaIc. PropI ietary implementations aM outside the scope of
document.

This doc:ume8t fOCUllS Oldy on Wireless Number Por1ability (WNP). maialy on the case ofa
subscriber por1iDa to a WSP. WSPS have some ftmdImlldai ditferences with weprd to servic
uad aetWOrk operations as compued to wireline service pn:Mders; therefore. certain aspects c
NP concepts IIId defiDitions have different relcvaace to WSPS. This document will explain h
the wireless solution will account for such differences.

The primary aucIieace for this document is WSPs aad wireleu equipment aad service vendor.
who assist in the clefiDition. development and deployment ofWNP. This document may alse
beDefit ocher groups such as the wireline industry. It usumcs the reader is familiar with the
wireless telecommunications technologies.

The remaining sections of the introduction present necessary bIckpound iafonnation to
establish a foundation for the WNP an:hitecture. including the following:

• WNPgoals.

• NP history.

• NP defiaitions and iIlteiptelations for WNP. and

• WNP assumptions as applicable to this documeal

1.2 SeIdea Goals

The WNP sohdioa as documenIed here bas been cIe\IeIoped in JlCCC1IlIIIIce with the tGIowiIII
silnific:atpis in or*r to uphold wireless call processing and mobility .............:

• Minimize implCt on existing netWorks.



• Continue to allow for roami.. and roamiq qrecments with more than one service
provider in 811)' serviDI area per nqotiated business amnpmen1S.

• Do not inhibit the future growth of wireless teehnology.

• Support the long-term efficient use of numberin& resources.

• Support wireless exisdDl and chan'ina service ueas without inhibiting competition.

1.3 DeIaItiou

ReIIders should use the foIlowinI definitions wIwa radilll this document:

• ~ PrD••Portability is defined by the FCC as "the ability ofend uSers to maill
the ume telephone numbers as they chase from one service provider to another." I

• 1At:tItitJIt PortllbUiIy is clef'uNd by the FCC as "the ability of usen of
1eIecommUlliations ...nces to relaiD cxistin& telec:ommaaications numbers without
impairment ofquality, reliabili!)·. or convenience when moving from one physical
location to another." 2 '

Lcation porbIbiIity should be diSlinpished from 1he iahennt mobility ofwireless
CGID.uniCllioD. Location portIIrility in a wireless environmem refers to asubscriber'l
ability to retain hisJher directory number whal movml from the servinl area ofone
home sysam to aDOCher or chanaing the wireline rate center associated with the mobi.
ctinIcrory number. (Refer to Section 1.6 for more details.)

• Seniu PorttlbUlty is defined by the FCC as "the ability oflllers oftellcOIIIm.....
~;ices to nain existine telecommunications numbers witbout~ of..it)'
reliability. or conveaience when switching from one telecolllmunications .-vice to
another service provided by the same telecommunications ICIVice provider." )

• HOlM Sn'YiIrgMea· the popaphic area ofcoverage provided by a WSP~
subscribers may orilinate and tenninate calls without incurring lOIIfting charps.

• ' MobUity. the ability of a mobile station (and thus subscriber)

- to move temponrily from one location to another and still oIainte~
services (i.e., roemmg);.and

- to be in motion while continually accessing telecommunication senrices (i.e., __
oft).

1 FCCN~1'''''''''~..01*. CC Doc:tct 95-1 16. July 2. 1996 ....... 172.

2 ibid.. .-.at.. 114.

3 ibid.. ....... 172.
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• N...,. Pmtlbility Admininrtltion C~",n- SuYicr M-.mmt 5.",*m fNPAC·S,1
Service M.-pment System (SMS) responsible for storiaglftd broIldcascina to Ie

providers NP data updates within I rqion for paned ONs. The NPAC·SMS(sl is I

........i8ed bY I neuuat. third-party.

• 1At:tIlSn'Yi«Maap..,., Syst~m fUMS) - • SMS nsponsible for distributing!
..updates from the NPAC-SMS to the setY~ provider's NP·SCP. typically is c
IIIId maintained by the service provider.

• Mobil~ SIt.IIiotI fMS) -is the inter&ce equipment. used to terminate the ndio path II

URI' side. It provides the capabilities to access nelW'Oric services by the user." 4

• Mob. DiNctoryNu1nIJer (MDN) • a 1().diP Nortb American Numbering Plan (l­
directory number assiped to address • wireless service subscriber.

• DftctDr.v~ (DN) ••y £.164 J().diP dialablc number assigned to address .
wireline or I wireless subscnDer. ONs are inclusive ofMDNs.

• Mobil~ SltIIitJft ItklltiJier fMSlD) • either a 1S-dip £.212 formatted International i
Station Identification (IMSJ) or lO-diJit Mobile Jdendfaeation Number (MIN),

- bttmtGtiorral MoIJH~ &crIion IdmtlJier (lMS1) • a IS-diP non-dialable numbe
associated with • specific serVice provider and unique to each mobile station.
propammed into the mobile station and used to identify the mobile. its home
network. and its country. S

- MoIJil.1dett/jIcGIitM Nwt1Iber (MIN) • a lO-diPt lIOIMIiaIabIe number asocial
with I specific service provider..unique to each moWle stItioa (81 • MIll
is propammeet into the mobile IIation and is ctesipeel to contain a HAMP·faIl
_ber (e.a.. NPA·NXX·XXXX). nus number••• MSID. may be eqaMl
the value of I dialable MON. MIN is the prevalent identifier in AMPS necwo

• Donor N~tworIc· the network from which I subscriber ports. If the sublet..hat
more than once. the lint nerwork to release the subscriber is referred to 81 the oriI
donor netWOrk. The original donor netWOrk is also the ori.... owner of the mnnl

• kip_t N~tworIc• the network to which I subscriber pons.

.. 1S-41.1 Rev C

, l.f'II4IU1JMI JIo6*SMIlM ItMIiIy (11181) ........a..-I.._~.PI..ed by. WftIeIs ....,
$penlaNd by CTIA ...PCIA.. Venion l.F~ 12. 1996.
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1.4 8ackp'HDd

1.4.1 ne FCC 0rtIn

The FCC /MINr PtIt'ItIbIllty.,.., tIIIfl 0rWr. CC Dochl 95·116. dated July 2. 1996•
.......dIat an c..~ial Mobile Radio Service (eMU) providers provide the capaltility It
deliver caIJs from their..-.ode to porred aaywhere in the United StIleS by December
31, 1991.F~ 1he onkr ....... thIIt theIe providers offer service provider
portability, incluciiDa support for 1Ulmift&. by June 30. 1999.6

The followiaa are some key exceaplS &om~ CJriIiaaI FCC report and order:

• "We require aI' cellular, bmIMibIInd PCS._ covered SMR carriers to have the
Qlllbility ofquayiaa appropriate ntanber portability databue systems in order to
deliver calls ti'C11111beir netWorks to ported numbers anywhere in the countty by
December 31, 1991."7

• "We require all cellullr. broecIbMd PeS. ..covered SMR carriers to offer service
provider ponalrility throuP out their nerworb. includiDa the ability to suppon roaminl
by JUlIe 30. 1999.•.. We believe. aatioDwide implementation date for number
portability for cellular. bft1edbIIIId pcs... covered SMlt. providers is necessary to
eMUre that validation necessary for romniaa can be maiataincd."8

• Interim number portability meaures are not required for WSPs.9

• Service and Loc:mon portability are not required at this time. to In addition. ct.ps
between wireline service.providers and bft1edbIIIId CMRS providers or _ ........
CMRS providers are COftIidered c:ta.aiaIservice providers and not service. Thus.
service provider ponability includes wireless to wireless, wireliae to wireless as well.
wireless to wirelinc.11 As mentioned in the introduction. this document focuses on
those scenarios in which. subscriber pons to • wireless provider.

• Customers may need to purchase new equipment (e.g. mobile station) when swiclcbing
aDlema CMRS providers. 12

• The issue of resional number ponability dldlbues and their content and aclministratio
is asiped to the North American NumberiDl Council (HANC).13

6 FOCN...,.I''''''''Rqon _ 0rWr. CC Docttet 9~·116. July 2. 1996......... 172.

7 ibid.. 16S.

·ibid.. I66... -.... ~

9 iIicl 169.

10 ibid.. Ill.

II it*l.. 1'72.

12 ibid.. 157.

.....
. AId II...



-'

·,...",,,~--.........

CTIA Wireless Number Portability SolutiGns

The FCC did IIOIIIUIIIdIre a specific method for number ponabilily but has recopized that the
L.oc:.aaa Routias Number (I.JtN) method is cunendy prefaled by much of the industry.
akhoulb nat 1aIed.14 A f..1d test of LRN as it lPPlies to the winline industry is scheduled for
a:.ecudaa in Cbicaao duouP die summer of 1997. i S 16 The intent of the test is to prepare for
the wiNIiDe .....eanatioa and currently does not include the wireless solution. Refer to
Sectio.a 1.7 reprdiaa Iria1 report availability.

The FCC. in its oriainaI order. eslablished a list of nine performance criteria which must be met
by any Dumber porUbitity metbocl:

(1)~ existing netWOrk services. features. and capabilities;

(2) efficieatIy use numbering resources:

(3) not require end users to chaDIe their telecommunications numbers:

(4) not require telecommunications carriers to rely on databases. other nelWOrk facilities. or
semc:es provided by odIer telecommunications carriers in order to route calls to the
proper tenniulion point:

(5) not result in unreasonable depldation in service quality or necwork .reliability when
implemented:

(6) not result in any depadation ofservice quality or netWOrk reliability when customers
switch camas;

(7) not result in a carrier having a proprieauy interest:

(8) be able to accommodate location and service ponability in the future: and

(9) have no sipifac:ant adverse impact outside the areas when number portability is
deployed." 17

OIl March 6. 1997. the FCC issued its First~ Opinion tIIId Or*r on
1l«ofa""'1on. CC Dockec No. 9S- t t6 to fua1her clKify and nale on several oUtstanding
inquiries reprding NP. Tbe following points are notable:

- - u ibid.. 91-102.

14 46.

15 _19.

16 FCC First 0piIIi4M..0I*r .. lWtwrtitkrrlli_ CC Doc:tct 95-116. MIrdl6. 1991......... 19.

17 FCC N...,. POIWIIHIity "...,..Or*r. CC Docket fl.116. July 2. 1996. ........ 41-59.
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(a) .....we find criteriaa four... is. from a prKIicaI pesspective. unworkable.... Thus. cril4
four does nat appear to be ReCesAIY in order to implement the statutory definition oj
Dumber portability." 11

(b) ".clKify that by June 30. 1999. CMRS providers must (1) offer service provider
portIIbility in the 100 lIrpst MSAs. and (2) be able to support nationwide roamins.
AJdwap we have DOt pnwided a specifIC phased development schedule for CMRS
providers u we have for wiIeIifte carriers, we expect that CMRS providen will phu
iaaplernentation in selected switches over a number ofmonths prior 10 the June 30. 1
de8dIine for deployment." 19

(c) "...CMRS C8Irien need 0II1y deploy local_bar portability by this deadline in the
Iarpst MSAs in which they have received a specific request at least nine months bej

the dadline (i.e.., a request bu been received by September 30. 1991)." 20

1.4.2 ,.",..., IIlllGtry $I'"

DuriaaA~ 1996. rnA rel,••da Notice of....for Information (RFI) to the
telecammUDieations indusal'y. Thepi ofthe RfI was to solicit poIefttial methods avaitable
the wireless industry for nUlllbel' poalllbiHty • .,.. acioa. C11A received more than one
huadred inquiries ladina to""" .......d'" ........21 A N..ber Pormbility Forum
held October C). I I in Las Veps to review the presentations ofthe responses _ find conse1l

011 all approach to NP in the wireless industry.

On JUUJaI)' 22, 1997. Ct1A releated to boIh llA ...e.uaiale Tl .....COIIUDiUIcs •
StBdards Requirements Document (sao) eatidecI Jrhlnl~ PtJl'tGbllity CTL4..
bqwiNlM1Il Docaurteirt. It pruvicIed the appropl_ committees with all iDitiallook imo 1bc
requirements ofWNP on current and future standInis.

The FCC has sponsored a fonam for"""l to NP CODCeptS via a Workiaa Group ......
North American Numberin& Council CNANC). Since CMRS providers are fII'IIaIed .. the
f.... level (as opposed to the state level) and their plllicipatioa in IlUlDber portIIbility is
mandated, the involvement ofWSPs ... conlidlnltiaa ofrehad wire_ specific issues hi
become more crucial. This documeDt is not intended to supersede any decisioIlS made by ttl
committees but is intended to capture ponability IS it involves WSPS.

iiFa: First 0piBRM'"~ _1t«oItr,"""'iOft. CC Docket 95-116. MII'Ch 6. 199'7.......... 19.

19 ibid.. 136.

20 ibid.., 137.

21 CoatMt C11A ,...... iIIformMiDIL

"10 ...
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1.5 AlSU_ptioDI

The following assumptions are made throupout the WNP architecture:

• WheIla ......,.pons. the subscriber's canal bmIIinal equipment mayor may not I
compatible wida the new SP's teebnoIo&Y. A subscriber may need to purcbue I new
mobile station in onIer 10 obrain the services from a new WSP. Therefore. a subscribe:
may or may not port his or her mobile station.

• The NPAC-SMS will contain a record for each ported wireline ON and each paned
MDN (within the area that it servesl.

• Service providers are responsible for maintaining the intqrity oftheir copy of the
NPAC-SMS data. '

• &da subscriber is identified by at least one unique NANP directory number that will
port wi1h die subscriber from one service provider to another.

• This document makes DO assumptions ...... the number nor distribution orNPAC
SMSs. except that more than one will most likely be established and will be in place it
time for WNP.

• AlttaouP 1his document most often refers to the number posubility query database as
resicIina on an NP-SCP. the WNP Solution does not preclude I WSP from Iocatiftl the
number portability query database on another platform such lIS an m.

• This document details service provider portability for facility-based WSPs. It does no
coasider the complications ofa re-seller environment in its discussions. (A facility­
based WSP is one that operates at least one MSC.)

,._.

•

1.6 Aspects ofWireless NUDIber Po....bility

8ecaue wireless service providers have some fuadancntaI dilfaeaces in their network
operation and services IS compared to wireline. ditftlenccs arise in the desip and
implementation ofwiteless number portability. These difl'erences impact how and when
subscribers caD port to. wireless service provider. To.....,eiate these aspects. this section
presents an overview ofthese dilferences. a Josical discussion toW8d explain..wireless
ponability boundaries. IS well. the definition of those bouacIIries.

1.6.1 DIJ/«'Mt:a lMfttwII JYIrdas..W#rfti"e

The diffaelices 1Jehlleen wireline LEes and WSPs that impact the definition ofportability 11I'I

summ.ued in Table I-I .

.ad.ill
Aldll.:...
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Tabl~ 1-1 WinliM vt"1'S&IS Winless emli", b/MclS

"irel. "in_
A cIiIectaIy..bel' is usocilted with • A mobile directory number is not associated. • • fleDity <.... 1oca11oop)• with allY fixed pltysicalloop.
ne cuaaa. c.n Gilly be .-ved in • sinlle 1hecuomer ClIft be scm:id over • wide
SIIItic location with the same terminal. ......ic area with.,,1e terminal.

MoWIity is".at.
Aspects oflocal calq (includinl rating) are A.tpeds oflocal callinl are not regulated by
replated by the states. the lIMeS. Areas of local CIIling do IlOlIUlCh

thole defined by wireliDe providers. Area of
local callinl do not match from one WSP to.....

lac:ulllbeat LEe are bound by inter-LATA WSPs do not recopize the concept ofLATAs.........
Service Provider POltllbility is popapbic&lly Mobile-to-mobile and mobile outbound calls
bounded by rate centers. are not bounded by rate centers. Funbermore.

wirelinc rate cenlen and similar wireless
boundaries do not overlay one another.

The FCC cWiaition of.mce provider portability does not distinguish between wireless or
wiNliae .mcc providers. HoweY«. siace service provider portability should not disrupt
curreat call ratina. the iDelusion of. WSP and the added complexities oftile above diffetenccs
must be carefully evaluated.

The ddinitioD of location portability infers that the number is UIOCiaIed widla physical. fixed
fleility. It involves cbaaiaI ram caIIIIllIIIOC-.ct with alltllllber which prlll_ sipificInt
impllCtS in ratinl the call ofthe oriai-ting ,.ny when the called pat)' Ita IIIOWICI tbeir IlIIIRbc
to anoIher rate center. However, the IancIline rate center defmitions are not required to ... cal
CJriIinatecI by wireless subscribers.

In Ii..of these differences and in order to preset ve the inteIritY ofIVUIiDa.......ofCIIIts
wiNless IUbscri~ wheIher ported or not. adjustments in interconnection and business
...-meDII (e.I.• Points oflntemmnection (POI» may be required.

1.6.' o.,lIlIpjIe.....,

-1.6.2.1 "iNliM Bowtt:IGria

I. order to .....1llIIICI bow wireless can in the FCC anIer widM:Hd ell....the
wiIeIiae call ratiD& ........1 call is 11Ie~ar~ .. was
cntatecI by wirelinc carriers as a method to capture distaaee related costs ia IJII8IIa. TIIiI..-

"12



hu .... adapeId by LEes for local calls as well as by IXCs for toll calls. Local carriers
ICcClDpIiIbed dilllUlCe ratiaa by defining a rtIIe MIler as a popaphic area associated with •
s.V(erticaJ) arid H{orizantaI) coordinate. E8ch telephone number by its NPA-NXX to In
1aOCi_ with a sialic rate cea&ert often defined as the area served by a single switch (or a
c:ambillllioa thereof). The dilllnce reIa1ed component ofrating acall between two telephone
n..... is. in ..--.....~ 1M diffelence of the two coordinates of their associated me
'**-1. Toll_lana dillllnce c:mien adopt8d the liliie concept except that several rate centers
may be ........ to form a rtlte dJMrict. The rile discrict concept was then used to me calls
....iaadaI 0UIIicIe ofthe leal calli... area (i.e.• inter-city calls).

Today, wireliae cmiers usocilde$' wireless numbers (IS defmed by NPA-NXX) with a specific
windine lite cenw for mobile terma-d calls. A wileline carrier can rate a wireline-to-

. wirelea call baed on the rate center VAH coordinates associated with calling and called pany
numbers.

A COIIUIIOD UIUIIIptioa for HrYicc pnwicler ponBility is that. subscriber oriBinating a call
should DOt be rated dift'trCDtly becauM ofthe called pIIIty's .-vice provider or portinl status. If
a wireliDe subscriber oriainates a eatl. the minI should be the same reprdiess if the called f*!Y
has poned to a WSP or wIaere the .m., MSC is located. Prall riDl the raUal can be
IICCOIftplilhed by WSPs -vial • iaIerconnection apeements with the wireline SPs. Uniform
........ by wiNline pnMders ofcalls to wireless subtcribers continues to be an issue. Will the
ratiDI be baed on the CJriIinaI wirelinc rate center or the fad that the subscriber is being served
by. WSP? This issue remaias for further study.

IlIting calls to a partible wireless nunsber is calcublted USiRI the rate center lIIOCi8Ied with the
called pany DUIIlber (DOt the LRN). WNP does not define lIlY requirement that a WSP obtain II
LRN for every rate center usociated with their serving area in order to accept • wiretinc
subscriber clesirin& to port.

/.6.2.2 Frrelas BowtdDria

WSPs may rate calls oriPnated by mobile subscribers: however. WSPS are not obIipted to usc
the _c physical bclGId8ries ofwireline rate cenIa'I or nne districts. ....... WSPs IIIiIize..
c:oncept ofa poanpbic:alara refenoed to IS • HOllIe &rvhrgdlW (HSA). HSAs are typically
much Iarpr than the popaphy defined by • wireline rate center: for example:

• Baic Tradiag Area

• MetaopolkU Service Area

• Major Tndias Area

A WSP may define a pardoa of..Uove IS a lISA or COllI..sewral ofdle Uove..allq
... Unlike wireline I'ItI: centers which In: ...... by die..utility COIIlIIIissioIIs. HlAs ;
not subjecr to state jurisdiction (or any jurisclictioll for that 1IIIlIer). no.. tile size of the HSA
• busiDea decision of the WSP and frequently cliffen from one WSP to another.

"'13
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Sublcribers tIw Ofiaiaate c:alis within their HSA do not incur roaminl charps. A WSP may
cIefiDed~ .".." or c:allinl scopes widlin or across multiple "SAl which indicate thaI all
mobile oripn.ted calls that tenninate within the same "1tancr' are rated the same.

1.6.2.3 Mobility wr.nG 1..octIt1on PortDbility

w.........have the iaIIerent ability 10 move while usina their service; it is imponant 10 view
this'• ....1Iy, not Iocadoa portability. Bein& mobile does not impllCt the billiftl or raIiaa for •
wiNliae oriIiaated c.11. Mobility may impact the wireless subscriber throap call forwarding
c:d8ps aadlor rOIIIDing fees.

LocaIion Portability whIa respect to wireless is the ability to cbmae Home Servinl Areas or
c:bIap die wireliDc rile center lSIOCiItecI with the MON. In dais~ the wireline billing
pIIIldip is im.... in die ....e way u with wireliae location portability. For the wireless
S1I_riber, this allows them to use their mobile set in a different area without incurring the
roamiq fees previously encountered .

1.U PortbI, ro _dF".",

With wireline ~lity, aay movemat (i.e., relocllion ofdle physical point ofservice) is
teebaically considered location portability. Howver, it is rec:opizecl that the wireline
im,.......ofservice provider ......Iity ca -8CCOIII1IIOUte" a limited amount of location
portability. That is, u Ioaa • die Im'inllocation is within the same rate center, the NP
implelllentllion does not inapKt billinl or ralina. Relocating outside the present me cen1er
imroduces sipiticant billin& IIId ,.mg implications.

However, once a subscriber ports 10 a WSP. mobility is inherent. A subscriber can utilize the
mobile station independent ofany wireline rale ca. boundary. Furthennore, the subscriber
can use the mobile station outside any HSA (subject 10 rouaina apeements and c....). This
mobility is transparent~ the subscriber chooses to actually relocate their residence or not

1.6.3.1 Portirlg to a Wh/as Suvice Prt1YidtJ,

It is ....... thIt in order to be a recipieat nctwoIk, the WSP must have an FCC liceMe to ..-vc
the IocGion of the subscn"ber. The WSP is a1Io IllUmed to pnwide ....io~ over the
pbysicallocalion where service wu previously obIaiMd by the poded subecriMr. ServinI the
subIcriber via a "*Dina ..-ment widl anodIcr WSP does lICIt COIIItitute elilibility. FiMlly,
WSPs are not requind to have switching faciliti. within the saaae rate center..u the potted
subscriber's DN NPA-NXX.

ai~ a WSP is elilible to receive • ported sabscriber as defined in the above .......... the
following "ileaia must be met to preserve the billiac pndillll:

'-'14 "".1
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• A wireless subscriber can pan the MDN to IIIOCher WSP as kml as 1M wireline rate
.center usaciated with the MDN is ~ically located within the HSA of the
involved WSPs.

• A wireless subscriber can port the MDN to • wirelinc SP as long as the resuking wirelint
SP is....ically located within the wirelinc rate center associated with the MON'5
NPA-NXX.

• A wireline subscriber C8Il pan the ON to • WSP as long as the rate center associated
with the \'\ireline number is geop1lphically located within the HSA ofthe involved WSP

/.6.3.2 Ptwtillgro ""liM &rvicep~

A subscriber that pons to • wireJiDe cmier may haw oriJinaiIy had their number assiped by a
WSP. In this case.. calls from other win=line subscribers should still be rated the same as before

FAcb wireless number is aaociated with. rate center from • wireJine pelspeclive. The rate
ceatermay or may not be the SlIDe rate center where the wireless switch is located.
Furthermore. the wireless subscn"ber may or may not reside in the rate center associated with
their MDN. CoDsequeady. to maintain consisbmt rating from the calling pany's penpective,
par1iDa from • WSP to • wireline service provider can only occur when the resulting wireline
service is pOp-aphicaily located within the wireline rate center associated With the ported MOl'

AbicIinI by such constraiDts does not impact wireline ratiDa. Wireline calls rated on the called
pIIty RUllIbel' would continue to be rated the sune. Assumml the subscriber has not moved. the
from • rating penpec:tive., the situalion analogous to • subscriber using the mobile station at the
subscn1Jer's residence. Once the sublc:riber has ported to a wireline provider. that subscriber is
constrained to using the telephone number only at a fixed location.

1.7 Critical Dates

1.1.1 .,,.,.,,MMdtJIIa

Several dales are included in the FCC order concenaina portability implementatjon. Theem.
ill!plementation ofwireliDe service provider portability by the incumbent LEes in the top 100
Metropolitu Statislic:al Areu (MSAs) is 4097

CMRS providers are not required to implement -.y teehnoIosy to support wireliDe service
provider pcxtabilily by this..ad thus. can COIIIiDue to lOUIe calls to the daIlor LEe • nom
However. CMRS pnwiden must make........-s to complete calls to .........itJws
December 31. 1991. Since calls made prior to this dale will c:omteCt successftally nonetheless.
this date is interpreted as recpairiDa the WSP to either

• directly query a database and route the call to the propel' netWOrk. or

.....
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• .... business ""aements for another provider to query and property route the call 10

the proper netWOrk.

The WSP need not own nor opel_the database; the WSP may have a business relationship wit!
anodIer eDdty repnIiDg access to that entity's d.......

The ..colld critical elate iDvoIvina CMIlS proviclen is June 30. 1999. By this date., WSPs must
be CIpIbIe ofn:c:civial and Ie.....wireless paned subscriben and must have aU the
capebilities required for service provider portability.

1.1.2 ,,,,,........

la order to cauicIer the ability to comply with the FCC ....... dates, the aspect ofstaftdards
... equipmNt avail8bi1ity IIUIIt be COIIIicIend. IfOM COIIIiden die nOl'lll&1 development time
of2 yem far aanduds, JImoaths far equipment development be)'ond ItIDdatds and 12 month!
for equipment deployment. the time line OIl the foIlowina pap would apply.

Fipn 1-1 1'II«JNtiCQ/ Ti,.lin~

111111 .,... 81301II

--I-~-----------'---_i----'_-'l

J._ aoSll_....L.OlIntIIMIW 1 r. fGOAfSA
VeIIlfDrDuP'l $1M ~~

In orcIer to meet the ead date.. the intervals must shonened or overlapped. The following
compressed limeline in Fipre 1-2 is offered for consideration in planning for WNP.

"16 1MiIi••
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Figwt 1-2 Potential T".li,,~ :'i~ to Mut FCC~

CaII.,.,..1D pottId F1A,..,.,....~ c
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FttI "dllfMidt MND
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.......&.........
~

1 1 ! 1
1117 W7 8187 8117 1. 3118 MI8 Me 1199 3181 6199

-1-.....-1 f......--I-I~I~I!-I!---+-I -j-r-
~l=. I a r

.
,..,:".., .........,....... IN .....,ecIIIflI ord1llMdby1M FCC.

The followiaa is a shOrt descriptioa for ada ofthe time points:

• SItD 10 8It:JIwJlIrt/;r lbis is a completed Ktivity. The iai&ial C11A SRD on WNP wei

delivered to 11A. TR4S.2, TR46 and T1Pl in January. 1997.

• WNP Soltltioru lJtK:umat: This point represents the release ofthis document.

• FCC Field TritIl Rqort AWJi1abI~jar Winline: This is the FCC ordered date for •
report ofthe field trial ofwiNline

• I"."", Impk".",1ItitM AgrHIWIUs tlIIdsu-Janb Cotttpktr. This is a deriwllclae
baed on the time needed to develop and deploy equipmeDt to meet the FCC.... ,
....tiatly shortens the typical interval to develop standards and come to indusuy
....mcnt.

• Bncketed.. illustrates the time frame in which all of the following items mach IN
ICCOIIIfJlished in rome form:

- Whias Field TrUll: A ftelct trial of1he wiIeIeIs roIutioD be -.de prior10

cIepIoymeat ofequipment on aD)' Iipifiant scale due to tile ..,.
theIe chInps. Due to the limited tilDe ....1IbIe. this1rilII1IIUIt be GIS • 1iIn..
scope and short time frame. Other fonns oftesUnl will also be neces.-y to ...
for and supplement the trial

Pap.7
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- l"il;1I1 E.qrIipIMnl Chanps ..tWJilGb/~: This date represents the initial availability of
.., eqaipment chanps 10 meet the December 31. 1991.~ for delivery ofcalls to
ported wireline numbers. This is an evolutionllY step to the final wireless solution.
not • scpII'&te step.

- £qrIipInat Dqlaymerrt: This repmctltS the time required'to deploy the needed ne\'
equipment. softWN'e ad cIwlps IbrouPout the indusuy - a sipifacant IUk for 1he
wireless iadusuy as nationwide roaming requires aU panicipating carriers 10 have
this capaility.

- FiIuIJ EquipIItat C'-'Ia Aw.riWl~: After the initial tatina ofthe equipment and
softwue. a Dumber of.......eats arc aonnaIly cxpecIIId. This milestone represent
the point in time that the final cbMps would be available for deployment.

- £qui,..", tWlProc«JwaT~ Even with a field trial. each carrier will need Ie
test the deployment.ofequipment IIId procedures within their specific enviromnent
to ensure pIOpCI' opemtion of maintenaee customer care. billing procedures. et al.

• CDlb .,iNnJd10 J1I"Ud winJiM nlllllben: This is the FCC ordered date for wireless te
be able to deliver calls to ported wireline numbers within the top 100 MSAs.

• Top /00 A44 NIIIII1Mr PDt'ItIbilily Dttp/oymtlIII Comp/.te: This represents the time in
which all wireless carriers involved in roaming have deployed the necessary equipment
IDCl software to support number porability.

• Frill NtJlitRrwille RotJmm, o/Winl~ss Port«l Nrunben: This represents the time in
which all needed equipment is deployed Jnd roaming inVolving paned numbers can be
activated. All ncccssary coordination.. services and systems arc deployed and
operational.

....... 1
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1. WIRELESS NUMBER PORTABILITY

1.1 SoIadoa o.emew
fipR 2-1 ....ys. naodeI ofthc build'" blocks for implementing WNP. An explanation of
the model follows the fia-e.

FiptY 2-} "nku Hum"". Ptwtabillry Building Blocla

N..ber Portability Adalialstratioa

NPAC·SMS LSMS

CaD Roatial Alp. idam

UlN

Sepante MDN '" MSID Values

&waltCd Detiwry ill NP asvinJnment
Suppart ",1Iiwi in NP enviaonmau

Qgeryiq Network Eatity

0riIiaMiD1 Tenainacing N·t OIlIer

I Query Triger Medla.ism

AIN IN WIN Other

PliJItjonns imptICIld
ilfdllde
NPAC-SMS
&I L«tJ1SMS

NeIwori .EIaeMIs..,..1ttt:hId6
SCP. STP. MSC. Hut
Me

J

•
- - -

PIp 19

The fiw bul1dina blocb u illustrated in the filure are defined u follows:

• x-hrPOrtotUIty AdtetiftUlrYJlioir: This component contains the NPAC·SMS IIId
LSMS wIricIt dil.IIIl" iIIfonMtion reprdial ported satlscriben.

• 1ltMIJJc~ 'Ibis campoaent id.1difies the roatiIta mediad by whiaII...
...... to the IUbsc:riber's new service provider (either wireless or whet_). "..
isLRN.

• ~ tI/MDN tIIIIl MSJD' This component reflects the sepII'Iltiaa ofdle MDN
MSlD and i1s sipificance to wireless reai*ltion and call delivery.

....
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• Qwryirtg Nerwtri Entily: 11ais camponemdefiaes the necwork entity capable of
queryiaa -10 1heNP·scp d..... to obIain roubaa iafonnation. This entity could I
the QriPuItina Network. Terminltiag NIlWOI'k.. N·l NeIwork (i.e.. 1he nett to list
capIbIe netWOrk) or some other entity (e.g., a messap center. a service node platfc

• Q-ry Tn,pr Meclttlnisllr. This component encompasses the softwate pmc:edure(:
widUn the queryiq neIwork eIIIiIy that lCtivates a criger and issues the query for
ponabIc NPA·NXX ...... Possible triger and query messap mechanisms arc A
IN. WIN or some othermcchanism (c.g.• 1S-41) understood between an MSC and I
SCPo

The riPt side of the fipue JDIpS the major fuac:tional hanIwa.re platforms to the building b
These buildiac blocks drive the followina major impldS to today's wireless netWork
1I'CIIilecture:

<a) Incorpm_ call routinI baed on an LRN.

(b) Move to separate MDN and MSID values.

- Make the MDN tile portable number; keep the MSID u a ~ponabIe numbel
COIItIOlled by the wireless service provider. This sepanIlion is essential in ordt
avoid 10 diait 1raIIS1ation in mobile f'eIistration and. equally important. in SUPJ
system processinl (e.... lOIming tables).

- Allow the MSID 10 be either a MIN or an IMSI.

(c) Support Global ntle T......lations (G1T).

The three items listed above are discussed in more detail. AI~ Sections 3 (netWOrk
arciailecture) and Section 4 (operations and administration) expand on the various points ill
fipre in greater detail.

2.2 Loatioll RoudDl PI Cd Rodag

1lse Location Iloutina NaIber (l..IN) is a lo-GiIit NANP· NetWoItc .....M
usipeel to a switch. OftheselO diaits. the lint six to the ......aic SwitcW
Telephone NetWOrk (PSTN) for routing a call. For an existing switch. dUs code is an MIlA
cc* block the switdl currendy teIWS.

AN...... PcxuIn1ity s.mc.CoattoI Poiat (NP.SCP)....,..,....au.'., to .
. switda's LIN. A query cap." MIwork ...._ nJUtie wauW perfonn • ..., NI

to obIain the LRN asociatecl with die called pIIItY'. 100fIiait ON .. onIIrto _ •...,...
call based on NPA·NXX tnInIIation of tile LRN. The network..leIS tip" ..
die call by sending an ISUP Initial Address Messap (lAM) with the LaN.

..
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The concept of the N-l network perionning the query to the NP-SCP is ohm associated
with the LIN call routing method. IfN denofa die network sequence number of the
terminaliaa aerwork in the call paIb. die N-J netWOdi: would identify the NPA-NXX ofthe dialed
RUllIbel'. a portable block aad would query die NP-SCP to retrieve the LRN. The subject of
when to query the NP-SCP u it applies to WSPs is discussed in more detail in Section 3.

The ISVP lAM provides for 1ft iacfiCiD" noUn._ query hu been performed. lbcrefMe. any
subsequent netWOIk need not perform lMIditionai queries.

... summary, the LRN routin. rnedtod is characterized by the following:

(a) It does not require .'''Ie unique network ..... for ach poned number. TIle
network address for paned number is associated with the ported-to switch address.

(b) Call routing remaias consilient with current call roudng schemes.

Fipre 2-2 illustrates a typical LRN routing of _call to a ported subscriber.

Fipn 2-2 Routing wilh Q Location Routing Nlllltber

To" T EO
C ' MICc- .1111) 01..CIIId..,

- ClIPII'---- .
-- M dIIIII

"21
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For conapletcacss the fipre incl~elements not directly involved in call processin~. name
the NPAC-SMS and the LSMS.

2.3 Separadoa of alae Mobile Dinctary Na.ber fro. the MobUe Statioaldeatifier

Prior to number portability, AMPS. COMA and rom service providers performed rq:ism
call JUc.....~ customer cue..1Dd billinG are based upon a sinlle number for 1

subscriber - the Mobile Ideatific8Iion Number (MIN).

Iftoday's MIN was portable. eidler. lC).dip Global Title Translation (Om or an NP-SCP
would be required in order to locate the home net'MIrk ofthe sublcriber.22 Neither of these
.Iternadw:s is desirable. A dip duria& repsu.tiaa would inc:n:ue the query rate on the NP-S
and not all WSPs are equipped to perfonn ID-dipt OTT in the time frame required.

In WNP, mobile .aaas will possess two types ofnumbers: a Mobile Station IdentiflCf (M~
IJId • Mobile Direcaory Number (MDN). The MDN will be a dialable NANP direc:tory noml
in the NANP format ..will be the ponable number. The MSID will be either an E.212 1M:
lIIdIor a NANP-like MIN and will not be ~ble.

With the introduction ofnumber portability. existina mMA and CDMA subscribers not yet
ported will have two numbers (the MON and the MSID) 1hoqh boda most likely equal to th4
existiaa MIN. When the subscriber pons. the NON ucI MSm become .....Ie and distinct
lhc porIed subscriber will sum:nder the MSm 10 the donor netWOrk and receive a new MSIl
from the recipient netWOrk. 'The ported subscriber's MDN will remaiD unchaapcl. The don
netWork can then freely use this MSID for a new subscriber. It is possible that the same IIUR

may be used for an MON in one netWork and an MSID (u a MIN) in another netWOrk. No
adverse impacts because of this situation. however. have been identified

The OSM standInIs presently account for separate numbers: 1ft E.212 IMSI for idcftcifyina
mobile station and an E.I64number for dialing the mobile station.

US",IR IMSI u the stIndanI mobile _ion idetltifier was ....isbed as apiof. win
iaduI&Iy before the introduction ofnumber portability. Because ofthis. the COMA IIId TDI
.....allow for E.212IMSIs in aU mobile stations. Therefore, many COMA..TDMJ
carriers may take advantap of the implementation ofWNP to inaoduce IMSls. H~. t
emire wireless industry may not flash cut to IMSI.

The indusuy must support MSIDs in IMSI and in MIN formats. ThiS requires the foIlowinI

22 IWerIO cnA ItFI Open foND ........ rapLtllta

23 ,,,,.,.,,.,;0ItIII1tIo6iIe~~ (l1ISI) .........'"~i....,.:oc..... PI...... by • .,........., I
SpaaIand by CTIA..PCIA. Venioa I. ,.." 12. 1996

....
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• IMSl-eapllblc nerworb IJIcllMSl-eapable mobile swions must be capable of $1

badllMSl1IId MIN MSlDs in order to continue to 1011II on non-IMSI-e:apable '

• Administnrioa orMlNs as MSIOs must be addrased (outside the scope of this
dac:ament).

V-*ioas and impIeInentMioDs cflMSI are beina addressed in other forums and are nc
scope ofWNP as lonIas the flJ'St six di,its of the identifier can be used to ascertain the
netWOrk.

1.4 Global TItle TI'UIIadoa for N_ber PortablUty

In addition to c:mentJy defined uses, Sipaiial System 7 (557) G1T may be used to su
routina fai'tIIe WNP query lad for 0Ibcr services impected by aumber ponability. A 6
GTT is nlICOIIIII'Iend ill the WNP environment for delivery of tile LRN query to the N
a W5P does not have orr capabilities. direct MTP routing to the NP-SCP to obtain~
may be used.

orr may be used to route mill' lIS for various services to the appr0p3 iatc netWOrk ele
(e.a-, recipieat switda) when._ NPA-NXX of. dialed number no Ionaer uniquety idea
tarpted IleIW03'k element. To suppon 557 inter-system mesap for such services IS C
LIDB, or CHAM. on must be available somewhere within the service provider's .­
extended networt relying on another provider for portability).

A



3. THE WNP NETWORK REFERENCE MODEL AND PROCEDURES

nds teetioa discusses the nccesSIIIY wiretess lI'Cbitedure (Section 3.1) and the featu~

i~ (Section 3.3) aecessvy to suppan WNP. Section 3.2 illustrates the various call
routinl scenarios via iaformation flow diapmts. Section 3.4 presents some perfonnance
CODSid.mdions. .

3.1 NC:w.rke-....ntioD

fipre 3"I illustrates the nelWOIk ..... involved in wiIeIas number ponability. Specifscally,
this~ model aaly depicts thole entities which are impldedby number portability; other
entities miPt exist in wireless neIWOI'b but may not be directly impactecl and therefore. are not
included. Other features _ serrices (c.... Voice Mail) thIt are not implemented in a aandard
mancr must be studied by ach WSP indcpend_ oflhis eft'ort.

Fipn 3-1 WNP Networkk~ Model

,
. t.

• ".",,, I'UpOIW

c:J----------a--:-~
,'STP STP.• .

.'.

...

-CIIP11h

...- ...
-ClIP..........

Tbe.. l.cdDill followina this fipre explain the da:aiIs of the WNP~ iDe..... a
desc:ripIiaa ofeach ofthe elements and the sipalina between ada of the elemeD1s. AIt1IauP

IMili•
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the NPAC-SMS and LSMS are'included. Section 4 presents a detailed description of Ihe service
ftIIIIaPIIIent and opeI.ang inti'ulructure.

J.l.l N__~~OMIroI,.,.,

The NP-SCP is the database accessed in real time by the switches to provide the LRN value for
a paned subIcriber ill arder 10 correctly rouIe • call. It coataias the number ponability
iaf'orIudon ori....1y1rIDIInitted by the NPAC-SMS via the LSMS. Each lCI"Yice provider will
eiIher own or have access 10 an NP-SCP that will include the mapping ofported 1().digit DNs to

their associated LRNs.

The WNP solution ....15. at present. the followinl daca elements. at • minimum. must exist
in each NP-SCP to support routing calls 10 ported numbers:

• Directory Number

• Location Roubng Number

This document later sugests that MSID milbt be necessary for the suppon of Short Message
Services (SMS) in number portability. Reference Section 3.3.S for more deuils.

3.1.2 M"8""",C.."

AD MSC is. wireless switch. 8aida CIIIII'CIUtia& .. MSC typically maintains the Visitor
Locadoa JtePter(VLR.). In............upon die WlPs chosen an:hitec:lure. the MSC
mipt keep the Home Location ReP-' (HLRl. Some providers deploy remotecl HLRs: others
deploy HLRs intellated wich the MSC.

The WNP Network R.efcrence Model depiClS three types ofMSCs: Qrisinati.... Donor. and
Serviaa. The Donor MSC is defined in Section 1.3. The Serving MSC is the MSC with whicl
the subscriber is currcndy ....ccl. Aldioup not shown 011 the model. a Home MSC is the
MSC which maiatains the NPA-NXX relative 10 the subsc:riber's number. Ifthe subscriber is
reaisbnd' "at home."1he Home IIId ServinI MSC are one in the IDle. Ifthe subsc1i11er is
romaiD& the Home MSC routes the call to the ....._ ServiDI MSC. ReIatiIIg to WNP,
rouIiDI by the LRN milht take the can to the Home MSC. RaIItinB from the HallIe MSC to til
Serrins MSC is • srandard component ofwireless architecture indepeadent ofnumber
portability.

- - -

RauIiaI within the subscliber'• .,.,ice pnwider network is • the diIcntiaR ofe-=h .....
service pIOVider. For~.~ice pnJVider naay elect to depIoy ....Ie or
sewn) reponal 'pteway' MSCs. With the fCIianaI.-way~ all iaba_d calls t·
the .mce provider's subscribers would be routed by the PSTN to one ofthese 'pIIIWaY'
switches. The service provider ..tel then use inwnal tope to pt tile call rcMled to die
approprie subscriber. This type ofarchitecture is supported by the WNP sohItion ad shaul
have no impacl on the other service provider networks.

. .



1lIe MSC will need to have the cap8bilily to icIemify an NPA-NXX u bema ponable (i.e.•
CGIIIIIiDs ported' numbers) in order to recopize the .... for an NP query. An industry ape
is moviilg forward to add a portability ftq to the Local Exchange Routing Guide (LERG).

c.reat mamer tables will continue to be valid for MINs but will no lonser be valid for MI
Itaaaertables sboald opeiate on M51Ds. whether MIN or IMSI.

nelipalma for call c:oaaec:tioa to ad from an MSC is discusled in Section 3.1:6. and the
sipalina for query from the MSC to the NP-SCP is discussed in Section 3.1.7.

3.1.3 .....TrMs/er1'tlia

The STP pmvides SS7 tip.... betMen the nerwork eIemeats per the reference model in
3-1. The S'n' also providel die SipaIiaa CORDeCIioa ConaoI Pm (SCeP) sipalina mes
u.slation md roubal function. For n..ber portability, the m sccp funcIion derermial
location olthe NP-SCP IDd forwanls the quei)'. The query response message from the NP·
is returned via the 511'.

~1.4 S,,1UI1bIr

ISUP sipaliiag is cw.endy beiaa enhanced to COIIUIl_icate NP query~ and utOCi
call routine iafanutiaa to die downsIIam netWoIts.24 tbe WNP solution is ccmsilelatll
die wireliM NP ...... with reprd to die "'''.11 meats to the lAM _1I.plI
tbelefoft., with the Call CoaapIItioa to a ....... N (CCPN)............. While !hi
document specifies ISUP for number porIIIbiIity 1ipaI~ it rec:opizes necworb which 1lI

Mf sipalin& or rely on third party networks. Both the ISUP and'MF trunk siplinl are
discussed below.

3.1.4.1 /SUP ,iglwlliIIg

The LR.N tpprOICIa ...........itMJnaI __k ..,
and roatiDa iaMrMlIioD~ ..llry for _ ofcd a.alctiaM to a _
Call eGllIIICtioas tile l.JQI oftile "'(nci,illlt) MSC. ....,....
........ 110 ".eftllt itcMs in the cd ..... from _111••1ry • 1m'••
Fmally~the serviDI switch aIIo needs the dialed__ for call 1IUP 1
ensures that the necessary additional sipalina information will be nailable to tile "

To ill IDOIe detail, after the MSC queries the NP-SCP for a call iailiIIioa 110 .....
n__ dIe MSC is ...., to estabIitb the call COftIleCIion. an lAM is fonauIated with I

....lCeIIIents cIocumenIed in Table 3-1.

24 CCPN SS111C1W01t CIpIWIity in TI U $$7~1IIIIf.ilc""" N 1-N"".,,,__• CtIII CcJ , ....Ie."
....• 1".".",.Tat c:unendy in a.Dot 10 become., Anlcric.n N StIndIId

"'26
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Tab/~ J./ /sUP lAM Para,,'~~nhrgs

UAlP...,,~2S pt1l1«J PtJrtM NotPprtM NO/ Ported
NotDqpd Dipped D;p,.d NO/Dipped

t"__1W"""N__ (QIPN) dialedDN l.Jl]\I: dialedDN diatedDN
'--(GAP) nIa dialedDN nJ. nJ.

Forwud Callilldiarol (FeD fALSE TRUE TRUE FALSE

Ifthe calliaa pm)' is. mobile sIaIion.. die Callina hrty Number (Ca!'N) must be populated with
die NUN of.oriIiMbnI mobile liliian. If the subIequcnt IWiu:h does not suppon ISUP
enhancements, then die GAP and Fa puuneters are not applicable and should not be populated

A subJequent switch upon detectinathe fCJ as set for "'1rIns1ated number" should not perform
u NP query. If the FCI is not set. • subsequent switch may query the NP·SCP. Some wireless
serviceprvv~ may arran. for another network (via business agreements) to perform tbe NP
query. In this case, the switch routes the call to the aidina network where the NP query is
Iauachecl. After this switch performs the database dip, it formulates the lAM mesa. with the
dipped settinp and routes the call as appropriate.

The home MSC recognizes that it serves the dialed ported number by knowial1he LRN ia the
CcIPN is its own loRN. Upon this recopition, it retrieves the dialed number from the GAP
paI'UlCD:r. If the dialed number has not been ported but is within a portable number block, the
MSC can detamiDe that it is the home MSC by rccopizinl that the fCl is set and it serves the
dialed ON in the CdPN parameters. The home MSC will use the dialed number to tenniaate the
call.

When • donor switch receives an lAM with the FCI not set. it should pcrfonn the NP query and
route the call to the appropriate switch. Such might the case ifthere has been some net'WOI'k
failure.

AtIother lAM panmeter being discussed in coajunetion with wirelinc nU8lber poIfabilily (yet II(

included in die table above) is the Jurisdiction Information Parameter (np).26 The np is an
optional pInIIleIer in the (SUP SbIIIdard. The WNP Solution is not advocating nor eJPPCllialtIIc
population oftIUs parameter in the outgoing lAM at this time.

25 CCPN SS71111WGrk aplbilily ia Tl LB J51~s,... N",.Jw 7-N...,.'""..,., CIIIl C.......... ,...."
,.."., .1 ..,Tat CIIIIIftIty in lIIIkIt 10"-IllAmcricIft NliliDllU.s.dIrd

26 Ge.nc S SipaliIW .........-for NfMfI'" POI'flIbiIfIy. Wiaois .......PorI8lNlily WarkIIIap. GeMric
~aDadS u.: 1.04. J...-, 20. 1997.

"27 ",ili.ll
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